Chemical control of the Varroa mite (Varroa destructor), which is one of the most important pests of honey bees, is practiced on a worldwide scale. However, because of abundant use of different acaricides, the mites have become resistant to many of them. We chose to apply non-synthetic chemicals for control of Varroa mites by using thyme (Thymus caucasicus) ethanol extract on honey bees. In September-October 2013, we collected wild thyme growing in Kurdistan mountains, ground it, and its ethanol extract was made by using 95% ethylic alcohol. We used a randomized complete design with ten treatments of different concentrations of ethanol extract of thyme as a statistical model and one control with pure 95% ethanol with four replications. The interior temperature of the brood chamber was measured to be 30 ± 1°C, and the ambient temperature surrounding them was 33 ± 2°C. We sprayed the extracted thyme solution on honey bees and counted the number of dead mites by picking them out from the bottom board of each hive at every 12 h, 24 h, and 48 h intervals after spraying. The results showed that the use of the thyme extract influenced significantly the percentage of mortality of dead mites in the extract-sprayed treatment and the control treatment. The percentage of mortality of the honey bees in control hives and the honey bees treated by thyme ethanol extract did not have a significant difference. Results of our experiment using ethanol extract of thyme showed that its use in hives was safe without a high risk of mortality for honey bees.
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INTRODUCTION
The Varroa mite (Varroa destructor) (Anderson & Trueman, 2000) is one of the most important pests of the European honey bee (Apis mellifera L.) and the most threatening agent of its colonies throughout the world (Anderson, Trueman, 2000) . The mites spend their developing stages in the pupa cells of honey bees which causes an irreparable damage to bee colonies. By sucking the hemolymph of pupae and adult honey bees, the Varroa mites reduce the water content and the total body weight thus lowering the protein and carbohydrate content and finally causing the death of the bees (Bowen-Walker, Gunn, 2001; Rahimi et al., 2014) . In addition to direct damage, the mite, which is an ectoparasite, transfers entomopathogens such as viruses, thus causing malformation of body parts and a reduction of life span of workers and drone bees in bee colonies (De Jong et al., 1982) . Different pyrethroid acaricides such as Flumethrin, Neo-Fluvalinate have been used in honey bee hives for control of Varroa mites in recent years but their use has caused different side effects such as the presence of residue in what any honey bee hive could produce, contamination of the environment and enhancing of the resistance of mites to these acaricides (Milani, 1995; Elzen et al., 1998; Raja et al., 2001 ). Nowadays researchers tend to find safer methods to control Varroa mites. One of these methods consists of using plant extracts. Secondary metabolites of some of the plants have an important role to play in withstanding pest damages, so the use of these plant derivatives could replace chemical acaricides in the control of mites (Kim et al., 2005; Ghasemi et al., 2010) . In addition, when compared with chemical pesticides, plant extracts are more compatible with ecosystems, less toxic to mammals and non-target organisms, and leave no persisting materials in nature (Georges et al., 2007; Liu et al., 2005) . In the USA, Australia, and India numerous studies were conducted on the use of extracts of pyrethrum and azadirachtin and these extracts proved to be highly toxic on stored products (Levinson, Levinson, 1998) . Plants of the Meliaceae family were studied to find extracts that could play the role of repellents, antifeedants or insect growth regulators (Reed et al., 1982 Yazdani et al., 2014) . Thymol, as one of the essential oils extracted from thyme, proved to play the role of the GABA (Gamma-aminobutyric acid) mimeting and modulating agent. GABA is a neurotransmitter that exhibits both excitatory and inhibitory actions in insects, mediates muscle activation at synapses, and stimulates certain glands (Priestley et al., 2003) .
Thyme (Thymus caucasicus) is a roughage perennial plant of the Lamiaceae family that originated from the Mediterranean region. Its height is 20-50 cm, the leaves are small, opposite, styliform, calyx 3-4 mm, with short hairs, the tube is campanulate, has small flowers in white pink or violet colours that appear as assembly at the top of stems exiting on sides of leaves with a 1-mm dark brown achene fruit with four seeds inside. The plant contains 1-2% of essential oil that is yellow in colour and is composed of thymol, carvacrol, tanins, flavonoids, saponins, and substances with a bitter taste. Although up until now thyme has been mostly used for its pharmaceutical qualities and as a medicinal plant, now there is evidence that it should be also used as an acaricide and an insecticide. However, more studies are needed to confirm such properties (Ghasemi et al., 2010; Wandscheer et al., 2004; Akbarinia, Mirza, 2008) . Beekeepers can monthly do one practice to manage Varroa mites in their colonies using mechanical methods (e.g., sprinkling honey bees with sugar syrup). In our study, we studied the effect of thyme leaf extract on adult Varroa mites and the possibility of using this extract to control this mite.
The objective of this study was to evaluate the effectiveness of thyme ethanol solution on honey bees infected with Varroa mites and to find out if its use could cause any undesirable or negative effects on honey bees by comparing mortality of the bees sprayed with thyme extract with that of the control bees.
MATERIALS AND METHODS
Our study was conducted during September-October 2013 using honey bee colonies in Saqqez city in Kurdistan province, Iran. We used the statistical method of Randomised Complete Design (RCD). We carried out ten treatments and four replications for every treatment. Ten treatments were sprayed with thyme ethanol extract, one treatment considered as control was sprayed with pure ethanol. The data were analysed using IBM SPSS v. 22, the graphs were drawn by Excel.
Extraction procedure
The mountain-growing thyme was collected from its natural growing soils in the Kurdistan Province during August-September of 2013. After transfer to laboratory the plants were dried in shade under dry conditions. An electrical grinder (Moulinex® France) was used to grind the collected materials entirely: the grinding was done for 8 minutes, 95% ethanol was used for extraction, for doing the job, 60 grams of powdered Thyme was put in a 500 ml Erlenmeyer flask, enough quantity of ethanol was poured on it and the volume was brought to 100 ml. We used a fume hood (Adaco Co. Tehran) to stir the mixture thoroughly, then we covered the flask completely with an aluminium sheet to prevent direct exposure to sunlight. The mixture was laid in a refrigerator for 24 h at +5°C, after which we used filter paper to separate the plant extract from the plant tissues. The process of extraction was repeated for a second time by pouring 10 ml of ethanol into the flask. The flask was shaken thoroughly for one hour using an electric shaker, rotator and mixer, 2000 (Labtron Co. Tehran), and the extraction was repeated once again. The extracted mixture was poured into a 15-mm Petri dish and evaporation of the solvent was made possible by leaving it under the fume hood for 24 hours, after which a 10-ml volume of raw dense extract was obtained (Dehghani, Ahmad, 2011) .
Bioassay
Bioassay was done following Ruffinengo et al., 2005 , with minor modifications. Our study was concentrated on the effect of the ethanol extract of wild thyme on adult Varroa mites. Each experimental unit consisted of one honey bee hive with eight honey bee frames. The adult mites were present on the bodies of the bees, on the frames and on the open door cells. In every replication we sprayed all of the eight frames and both sides of each of the frames, the walls and the floor of the hive with thyme ethanol extract. Prior to the spraying, a white board was inserted on the bottom of each of the studied hives. After 12, 24, and 48 hours following the spraying all the frames were shaken over the white board and the dead mites were counted. The death of mites was verified by irritating them with a small hair brush: the mites without movement were considered dead.
Determination of the 50% mortality concentration (LC 50 %)
To study the LC 50 of thyme ethanol extract, different treatments of different concentrations of the extract (5-90 µL/ml) were carried out and the correction was made for the percentage of mortality to 40 mites ( Table 1 ). The LC 50 was calculated using probit analysis. 
RESULTS
The results showed that by using a 50 µL/ml of thyme extract the mortality rate was 55% after 12 hours of spraying, while in the control treatment it was only 12% and there was a significant difference between the mean of dead mites counted in the treatment in which the concentration of the extract was 50 µL/ ml and the control treatment (P ≤ 0.05). After 24 hours of spraying the mean number of dead mites reached 67% in the same concentration of thyme extract while it was 16% in the control treatment; finally, after 48 hours of spraying the mortality rate of the sprayed mites was 72%, while in the control treatment the mortality percentage was 18%. Again, there was a significant difference between the percentage of dead mites in the extractsprayed treatment and the control treatment ( Fig. 1) (P ≤ 0.05) . Simultaneously, at the end of each count for every treatment and replication, the number of dead honey bees found at the bottom board of each hive was counted. The mortality of bees in different treatments in which the thyme extract was used 12, 24, and 48 hours after the application of the extract were 13%, 14%, and 16% respectively, while in control treatments the mortality of the bees were 11%, 12% and 14%, respectively, after the same numbers of hours. When compared, there was no significant difference between the percentage of mortality of bees in treatments in which thyme extract was used with the control treatment (Fig. 2) .
The results obtained showed that the LC 50 mortality of the Thyme extract for adult Varroa mites was 12.6 µl/ml and this study convinced us that the ethanol extract of thyme could effectively control Varroa mites in honey bee hives (Table 1) . , the use of plant extracts as acaricides was sought as an alternative. In the past years considerable research has been conducted into the acaricides activity of different plant extracts that have been used to study their effectiveness against Varroa mites and some of these extracts proved to be very effective acaricides. Our present study demonstrates that thyme ethanol extract is highly toxic to Varroa mites and its toxicity will increase by advancement of time from 12 h to 24 h and to 48 hours. Compared to honey bees, the LC 50 % of the thyme extract for Varroa mites showed that LC 50 values for Varroa mites are lower than those for honey bees. Findings of other researchers show that Varroa mites were more sensitive to different plant extracts and essences than honey bees. Ruffinego et al. (2007) reported that when 500 ppm of essences of two plant species, Tagetes mimuta L. and Heterodera latifolia Buckey, were sprayed on honey bees with Varroa infestation, it resulted in 70% mortality of Varroa mites versus 10% mortality for honey bees 48 hours after spraying. The essence extracted from the oregano (Origanum vulgare) was used to test its efficiency against Varroa mites and the results obtained showed that by the advancement of time from spraying, the percentage of mortality increased both for Varroa mites and for honey bees. The LC 50 of the oregano essence 9 h and 10 h after application of spray to Varroa mites was 1.65 and 2.05 µl/ml, respectively, while for honey bees the values were 4.76 and 5.08 µl/ml for the same lapse of time. It is an indication that Varroa mites were more sensitive to the oregano essence than honey bees (Ghasemi et al., 2010) . Our researches on Varroa mites in honey bee hives in field have confirmed the results obtained by Ruffinego et al. (2007) and Ghasemi et al. (2010) . Other researchers have found that the bees with bigger body size and body weight, fattier bees, and those with active enzymes that could detoxify the toxic materials entering their bodies were potentially more resistant to any toxic agent than normal bees (Javvi et al., 2005). We have calculated as 12.6 µl/ml the LC 50 of thyme leaf extract for Varroa mites, 24 hours after spraying the infested bees. The results obtained from our experiments on Varroa mites using thyme leaf ethanol extract showed that this extract could control the Varroa mites efficiently. As thyme has essential oils such as thymol and carvacrol which have proven to be effective as an insecticide and acaricide, so the ethanol extract of its leaves is useful to control Varroa mites (Sertkaya et al., 2010; Szczepanik et al., 2012; Ghasemi et al., 2010). Imdorf et al. (1995) showed that thymol and carvacrol cause high mortality of Varroa mites without having significant negative impacts on honey bees. Collin et al. (1994) showed that spraying the aqueous emulsion of carvacrol on Varroa mites could result in their 90% mortality 24 hours after spraying.
There are other researchers who have studied the effect of thymol and carvacrol on the tracheal mite of honey bee (Acarapis woodi (Rennie, 1921)). They concluded that these two essences extracted from thyme could inflict high mortality in those mites (Ellis, Baxendale, 1997) . In Iran, studies have been conducted to identify the chemical composition of the thyme extract and the results have confirmed that thymol, paracin, beta-caryophylline, and methyl carvacrol were the principal components of thyme (Akbarinia, Mirza, 2008) . Compared to our findings, we found that the mortality of Varroa mites begins five hours after the spraying of the thyme extract and reaches its maximum 24 hours after the spraying (Table 2 , Fig. 2 ).
CONCLUSIONS
Comparing plant-derived acaricides with chemical acaricides used ordinarily, we conclude that the former are less toxic for humans, mammals, and honey bees and have fewer negative effects on environment. Also, because they do not persist in environment and are easy to use, they should replace the chemical pesticides for the control of Varroa mites. We consider that as a plant extract the ethanol extract of thyme leaves has no hazardous effect on humans, honey bees, and environment and could be safely used in apiaries to control Varroa mites.
